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CELL-PERMEABLE SOCS PROTEINS THAT INHIBIT CYTOKINE- 

INDUCED SIGNALING 



5 Staphylococcal enterotoxin B (SEB) listed by the U.S. Public Health Service as 

a potential bioweapon is an extremely potent inducer of toxic shock syndrome. SEB 
forms intercellular synapses between major histocompatibility complex (MHC)-Class II 
and T cell receptor (TCR) that induce robust production of inflammatory cytokines 
such as TNF-oc, IFN-y, and IL-6. TNF-a and IFN-y were shown to be responsible for 

10 inducing acute tissue injury and collapse of vascular system (toxic shock syndrome) 

caused by SEB. To inhibit IFN-y-induced signal transduction pathway, cell-permeable 
suppressor of cytokine signaling (SOCS) proteins that contain a membrane- 
translocating motif (MTM) originated from a signal sequence hydrophobic region of 
FGF-4 were designed. These proteins inhibit rFN-y -induced signaling in cultured cells 

15 as well as in primary cells. Thus, the compositions disclosed herein be utilized to 
The present invention provides a method for inhibiting a cytokine-induced 
response in a cell, comprising administering to the cell a complex comprising a cell 
membrane permeable hydrophobic region of a signal peptide linked to a polypeptide 
comprising an amino acid sequence encoding a SOCS protein or a fragment thereof. 

20 Examples of the complexes that can be utilized in the methods of the present invention 
are set forth in the Examples herein. 

The present invention also provides a method for inhibiting a cytokine-induced 
response in a cell in a subject, comprising administering to the cell in a subject a 
complex comprising a cell membrane permeable hydrophobic region of a signal peptide 

25 linked to a polypeptide comprising an amino acid sequence encoding a SOCS protein 
or a fragment thereof. Also provided by the present invention provides a method for 
treating or preventing a cytokine-induced inflammatory response in a subject, 
comprising administering to the subject a complex comprising a cell membrane 
permeable hydrophobic region of a signal peptide linked to a polypeptide comprising 

30 an amino acid sequence encoding a SOCS protein or a fragment thereof. The 

inflammatory response or inflammation in the subject can be a systemic inflammatory 
response or a cellular inflammatory response. The cytokines involved in the 
inflammatory response can be, but are not limited to, TNF-a, IFN-y, and IL-6. These 
pathways are well known in the art and one of skill in the art would know how to 
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conduct assays that measure the effects of an SOCS protein of this invention on 
molecules involved in cytokine pathways, such as TNF-a, IFN-y, and IL-6 pathways. 

The methods and peptides of the invention can also be used to treat or prevent 
inflammatory responses that affect the function of specific organs or organ systems, for 
5 example, but not limited to, the liver, bowel, kidney, joints, skin, pancreas, central 
nervous system, peripheral nervous system, bladder, or reproductive organs. In some 
cases, the inflammatory response is caused by an inflammatory disease, for example, an 
autoimmune disease. Examples of such autoimmune diseases include, but are not 
limited to, inflammatory bowel disease, Crohn's disease, glomerulonephritis, multiple 
10 sclerosis, lupus erythematosis, rheumatoid arthritis, psoriasis, or juvenile diabetes. The 
methods and peptides of the invention can also be used to treat chronic or acute 
inflammatory diseases and conditions of the skin, for example, psoriasis, eczema, or 
contact dermatitis. 

The methods of the present invention can be utilized to inhibit EFN-y induced 

1 5 signaling in vitro, ex vivo and in vivo. Suitable import conditions for the compositions 
of the present invention are exemplified herein and include cell and complex 
temperature between about 180°C and about 42°C, with a preferred temperature being 
between about 22°C and about 37°C. For administration to a cell in a subject the 
complex, once in the subject, will of course adjust to the subject's body temperature. 

20 For ex vivo administration, the complex can be administered by any standard methods 
that would maintain viability of the cells, such as by adding it to culture medium 
(appropriate for the target cells) and adding this medium directly to the cells. As is 
known in the. art, any medium used in this method can be aqueous and non-toxic so as 
not to render the cells non-viable. In addition, it can contain standard nutrients for 

25 maintaining viability of cells, if desired. For in vivo administration, the complex can be 
added to, for example, a blood sample or a tissue sample from the patient or to a 
pharmaceutically acceptable carrier, e.g., saline and buffered saline, and administered 
by any of several means known in the art. Examples of administration include 
parenteral administration, e.g., by intravenous injection including regional perfusion. 

30 through a blood vessel supplying the tissues(s) or organ(s) having the target cell(s), or 
by inhalation of an aerosol, subcutaneous or intramuscular injection, topical 
administration such as to skin wounds and 1 lesions, direct transfection into, e.g., bone 
marrow cells prepared for transplantation and subsequent transplantation into the 
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subject, and direct transfection into an organ that is subsequently transplanted into the 
subject. Further administration methods include oral administration, particularly when 
the complex is encapsulated, or rectal administration, particularly when the complex is 
in suppository form. A pharmaceutical^ acceptable carrier includes any material that 
5 is not biologically or otherwise undesirable, i.e., the material, may be administered to an 
individual along with the selected complex without causing any undesirable biological 
effects or interacting in a deleterious manner with any of the other components of the 
pharmaceutical composition in which it is administered. Administration can be 
performed for a time length of about 1 minute to about 72 hours. Preferable time 

10 lengths are about 5 minutes to about 48 hours, and even more preferably about 5 

minutes to about 20 hours, and even more preferably about 5 minutes to about 2 hours. 
Optimal time lengths and conditions for any specific complex and any specific target 
cell can readily be determined, given the teachings herein and knowledge in the art. 
Specifically, if a particular cell type in vivo is to be targeted, for example, by regional 

15 perfusion of an organ or tumor, cells from the target tissue can be biopsied and optimal 
dosages for import of the complex into that tissue can be determined in vitro, as 
described herein and as known in the art, to optimize the in vivo dosage, including 
concentration and time length. Alternatively, culture cells of the same cell type can 
also be used to optimize the dosage for the target cells in vivo. 

20 For either ex vivo or in vivo use, the complex can be administered at any 

effective concentration. An effective concentration is that amount that results in 
importation of the biologically active molecule into the cell. Such a concentration will 
typically be between about 0.5 nM to about 100 uM (culture medium concentration (ex 
vivo) or blood serum concentration (in vivo)). Optimal concentrations for a particular 

25 complex and/or a particular target cell can be readily determined following the 

teachings herein. Thus, in vivo dosages of the complex include those which will cause 
the blood serum concentration of the complex to be about 0.5 nM to about 100 uM. A 
preferable concentration is about 2 nM to about 50 uM. The amount of the complex 
administered will, of course, depend upon the subject being treated, the subject's age 

30 and weight, the manner of administration, and the judgment of the skilled 

administrator. The exact amount of the complex will further depend upon the general 
condition of the subject, the severity of the disease/condition being treated by the 
administration and the particular complex chosen. However, an appropriate amount can 
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be determined by one of ordinary skill in the art using routine optimization given the 
teachings herein. 

Parenteral administration, e.g., regional perfusion, if used, is generally 
characterized by injection. Injectables can be prepared in conventional forms, such as 
5 liquid solutions, suspensions, or emulsions. A slow release or sustained release system, 
such as disclosed in U.S. Patent No. 3,710,795, can also be used, allowing the 
maintenance of a constant level of dosage. 

Depending on the intended mode of administration (e.g., but not limited to, 
intravenous, parenteral, transcutaneous, subcutaneous, intramuscular, intracranial, 

10 intraorbital, ophthalmic, intraventricular, intracapsular, intraspinal, intracisternal, 

intraperitoneal, intranasal, intrarectal, intravaginal, aerosol, or oral), the pharmaceutical 
compositions may be in the form of solid, semi-solid or liquid dosage forms, such as, 
for example, tablets, suppositories, pills, capsules, powders, liquids, suspensions, 
lotions, creams, gels, or the like, preferably in unit dosage form suitable for single 

15 administration of a precise dosage. The compositions will include, as noted above, an 
effective amount of the selected drug in combination with a pharmaceutically 
acceptable carrier and, in addition, may include other medicinal agents, pharmaceutical 
agents, carriers, adjuvants, diluents, etc. 

For solid compositions, conventional nontoxic solid carriers include, for 

20 example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, 

sodium saccharin, talc, cellulose, glucose, sucrose, magnesium carbonate, and the like. 
Liquid pharmaceutically administrable compositions can, for example, be prepared by 
dissolving, dispersing, etc. an active compound as described herein, and optional 
pharmaceutical adjuvants in an excipient, such as, for example, water, saline, aqueous 

25 dextrose, glycerol, ethanol, and the like, to thereby form a solution or suspension. If 
desired, the pharmaceutical composition to be administered may also contain minor 
amounts of nontoxic auxiliary substances such as wetting or emulsifying agents, pH 
buffering agents and the Eke. Actual methods of preparing such dosage forms are 
known, or will be apparent, to those skilled in this art; for example, see Remington's 

30 Pharmaceutical Sciences. 

The present invention provides a complex comprising a suppressor of cytokine 
signaling (SOCS) protein or a fragment thereof linked to an importation competent 
signal peptide or cell membrane-permeable hydrophobic region of a signal peptide. 
Any SOCS protein, such as SOCS-1, SOCS-2 or SOCS-3 (or fragment thereof), from 
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any species, can be used, with its selection being dependent upon the purpose to be 
accomplished by importing the molecule into the selected cell. 

An example of a full-length SOCS-1 amino acid sequence is provided herein as 
SEQ ID NO: 3. Nucleic acid sequences encoding this amino acid sequence are also 
5 provided herein. The amino acid sequence of human SOCS-1 as well as a nucleic acid 
encoding human SOCS-1 can be accessed via GenBank under Accession No. 
NM 003745. The sequences and all information disclosed under Accession No. 
NM_003745 are incorporated herein in their entirety by this reference. The amino acid 
sequence of mouse SOCS-1 as well as a nucleic acid encoding mouse SOCS-1 can be 

10 accessed via GenBank under Accession No. NM 009896. The sequences and all 
information disclosed under Accession No. NM 009896 are incorporated herein in 
their entirety by this reference. 

The amino acid sequence of human SOCS-2 as well as a nucleic acid encoding 
human SOCS-2 can be accessed via GenBank under Accession No. NM_003877. The 

15 sequences and all information disclosed under Accession No. NM_003877 are 

incorporated herein in their entirety by this reference. The amino acid sequence of 
mouse SOCS-2 as well as a nucleic acid encoding mouse SOCS-2 can be accessed via 
GenBank under Accession No. NM_007706. The sequences and all information 
disclosed under Accession No. NM_007706 are incorporated herein in their entirety by 

20 this reference. 

An example of a full-length SOCS-3 amino acid sequence is provided herein as 
SEQ ED NO: 4. Nucleic acid sequences encoding this amino acid sequence are also 
provided herein. The amino acid sequence of human SOCS 3 as well as a nucleic acid 
encoding human SOCS-3 can be accessed via GenBank under Accession No. 

25 NM 003955. The sequences and all information disclosed under Accession No. 

NM 003955 are incorporated herein in their entirety by this reference. The amino acid 
sequence of mouse SOCS-3 as well as a nucleic acid encoding mouse SOCS-3 can be 
accessed via GenBank under Accession No. NM_007707. The sequences and all 
information disclosed under Accession No. NM 007707 are incorporated herein in 

30 their entirety by this reference. Fragment of the sequences disclosed herein can be 
combined with an appropriate signal peptide to make the SOCS polypeptides of the 
present invention. 

An "importation competent signal peptide" or "cell membrane-permeable 
hydrophobic region of a signal peptide" as used herein, is a sequence of amino acids 
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generally of a length of about 10 to about 50 or more amino acid residues, many 
(typically about 55-60%) residues of which are hydrophobic such that they have a 
hydrophobic, lipid-soluble portion. The hydrophobic portion is a common, major motif 
of the signal peptide, and it is often a central part of the signal peptide of protein 
5 secreted from cells. A signal peptide is a peptide capable of penetrating through the 
cell membrane to allow the export of cellular proteins. The signal peptides of this 
invention, are also "importation competent" or "cell-permeable," i.e., capable of 
penetrating through the cell membrane from outside the cell to the interior of the cell. 
The amino acid residues can be mutated and/or modified (i.e., to form mimetics) so 

10 long as the modifications do not affect the translocation-mediating function of the 
peptide. Thus the word "peptide" includes mimetics and the word "amino acid" 
includes modified amino acids, as used herein, unusual amino acids, and D-form amino 
acids. All importation competent signal peptides encompassed by this invention have 
the function of mediating translocation across a cell membrane from outside the cell to 

15 the interior of the cell. Such importation competent signal peptides could potentially be 
modified such that they lose the ability to export a protein but maintain the ability to 
import molecules into the cell. 

Signal peptides can be selected, for example, from the SIGPEP database, which 
also lists the origin of the signal peptide. When a specific cell type is to be targeted, a 

20 signal peptide used by that cell type can be chosen. For example, signal peptides 

encoded by a particular oncogene can be selected for use in targeting cells in which the 
oncogene is expressed. Additionally, signal peptides endogenous to the cell type can 
be chosen for importing biologically active molecules into that cell type. And again, 
any selected signal peptide can be routinely tested for the ability to translocate across 

25 the cell membrane of any given cell type according to the teachings herein. 

Specifically, the signal peptide of choice can be conjugated to a SOCS protein and 
administered to a cell, and the cell is subsequently screened for the presence of the 
active molecule. In the methods of the present invention, the hydrophobic region of a 
signal peptide can be the membrane translocating motif of FGF-4. For example, the 

30 MTM can be the amino acid sequence provided herein as SEQ ID NO: 2 

(AAVLLPVLLAAP). SEQ ID NO: 3 is the MTM utilized, as described in the 
Examples, to make SOCS-1 and SOCS-3 fusion proteins. 

The amino acid sequence of the full-length human FGF-4 and the human FGF-4 
signal sequence, as well as sequences encoding human FGF-4 and its signal sequence 
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can be accessed via GenBank under Accession Nos. NM_002007 and NP 001998. The 
sequences and all information disclosed under Accession Nos. NM_002007 and 
NP_001998 are incorporated herein in their entirety by this reference. The amino acid 
sequence of the full-length mouse FGF-4 and the mouse FGF-4 signal sequence, as 
5 well as sequences encoding mouse FGF-4 and its signal sequence can be accessed via 
GenBank under Accession No. NM 010202. 

EXAMPLES 

10 SOCS Fusion Proteins 

The present invention provides several SOCS fusion proteins. For example, the 
present invention provides a complex or a fusion protein comprising a histidine tag, a 
SOCS1 polypeptide and a MTM (SEQ ID NO: 5). Also provided by the present 

15 invention is a complex or fusion protein comprising a histidine tag, a MTM and a 

SOCS1 polypeptide (SEQ ID NO: 6). Therefore, the present invention provides SOCS- 
1 fusion proteins that are flanked at the NH2 terminus by MTM (SEQ ID NO: 6) and a 
SOCS-1 fusion that is flanked at the COOH terminus by MTM (SEQ ID NO: 5). 
SOCS-1 proteins that bear MTM at either end of the sequence (SEQ ED NO: 5 and SEQ 

20 ID NO: 6) can be utilized to inhibit IL-6 signaling and EFN-y induced signaling. 

The present invention also provides the full-length SOCS-3 protein with a 
histidine tag (SEQ ID NO: 7). Also provided is a complex or fusion protein comprising 
a histidine tag, a SOCS-3 polypeptide and a MTM (SEQ ID NO: 8). Further provided 
by the present invention is a complex or a fusion protein comprising a histidine tag, a 

25 MTM and a SOCS-3 polypeptide (SEQ ID NO: 9). Therefore, the present invention 
provides SOCS-3 fusion proteins that are flanked at the NH2 terminus by MTM (SEQ 
ID NO: 9) and a SOCS-1 fusion that is flanked at the COOH terminus by MTM (SEQ 
ID NO: 8). As described below, the SOCS3 protein with MTM (SEQ ID NO: 7) was 
inactive in terms of inhibition of STAT 1 phosphorylation. In striking contrast to an 

30 MTM-deficient protein, two recombinant SOCS-3 proteins that bear MTM at either end 
of the sequence (SEQ ID NO: 8 and SEQ ID NO: 9) had significant inhibitory effects 
on ST ATI phosphorylation. Thus, these polypeptides are examples of SOCS-3 fusion 
proteins that can be utilized to inhibit EL-6 induced signaling and inhibit IFN-y induced 
signaling. 
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Nucleic acid sequences encoding SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 
3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8 or 
"'SEQ ID NO: 9 are also provided herein. The SOCS fusion proteins described herein 
can also be utilized without a histidine tag in the methods of inhibiting signaling in 
5 cells (in vitro, ex vivo and in vivo) or an inflammatory response in a subject. 
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C.4. Development of SOCS3-Derived Cell-Permeant Functional Inhibitor of Intracellular Signaling. 

We succeeded in producing cell permeant SOCS3 protein, to be used as an inhibitor of IL6-induced signaling. 
SOCS3 is a modular, SH 2 -containing, 225 amino acids-long protein. It was enabled by us to cross the plasma 
membrane of macrophages and inhibit Interferon y-induced signaling. 



C.4.1. Preparation of recombinant SOCS-3 Proteins. Recombinant SOCS-3 proteins were constructed 
without and with Membrane Translocating. Motif (MTM) by amplifying SOCS sequences. The PCR product was 
cleaved with Ndel and cloned into the Nedl site of 6 histidine tagged expression vector (pET-28a(+)). The 
resulting plasmids were used to express SOCS3 protein under the control of the /del promoter in E. co/i strain 
BL21-CodonPlus (DE3). The recombinant fusion proteins were purified under denaturing condition by 
chromatography on nickel-nitrilotriacetic acid (Ni-NTA) meta-affinity beads as directed by the supplier (Qiagen). 
Purified proteins were refolded, concentrated and dissolved in DMEM. Three recombinant murine SOCS 3 
proteins, denoted HS3, HS3M, and HMS3, were produced and purified (Figs. 12 and 13). They contained a full 
length SOCS 3 sequence flanked at the NH 2 terminus by polyhistidine tag in HS3 and in addition by MTM 
(shown in red) at COOH-terminus in HS3M or at NH 2 terminus in HMS3. The recombinant proteins were 
purified under denaturing conditions and refolded in a Dulbecco Minimal Essential Medium (DMEM). Their 
intracellular function was analyzed in a mouse macrophage RAW 264.7 cell line. 



Fig. 12 

Structure & Design of Cell-Permeant SOCS-3 (Part 1) 



Fig. 13 

. Expression ^Purification of Cell-Permeant 
SOCS-3 (Full-Length) 



SOCS-3 
(Mouse) 



is 



141 
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Full-Length SOCS-3 lacking or containing MTM 




Hawiger 2003 




- Recombinant 
SOCS.3 Proteins 



Purified under 
denaturing condition 



J-iSolublllied In 
physiological condition 



Hawiger 2003 



Fig. 14 

Inhibition of STAT1 Phosphorylation by Cell-Permeant SOCS-3 
HS310uM/1H 




Fluorescence 



HS3M 10uT/l/1H 



HMS3 10uM/1H 





Fluorescence 



Fluorescence 



Hawiger 2003 



C.4.2. Inhibition of STAT1 phosphorylation 
by cell-permeant SOCS3 protein. Mouse 
macrophage RAW 264.7 cell line was used to test 
the intracellular function of recombinant SOCS 3 
proteins that contain or lack the membrane 
translocating motif (MTM). Purified recombinant 
fusion SOCS-3 proteins (10 uM) were added to 
cells for lh then were stimulated with IFN-y for 15 
min (10 U/ml). The level of STAT1 
phosphorylation in cell lysates was measured by 
cytometric bead array (BD CBA P-STAT1 Kit, BD 
Science, San Diego, USA). Median fluorescence 
intensity (MFI) was calculated by BD CBA software 
version 1.4 (BD Bioscience, San Diego, USA). 
Assays were conducted in duplicate or triplicate and 
repeated more than three times. As shown in Fig. 
14, recombinant SOCS 3 protein without MTM 
(HS3) was inactive in terms of inhibition of STAT1 
phosphorylation. In striking contrast to an MTM- 
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deficient protein, two recombinant SOCS 3 proteins that bear MTM at either end of the sequence had signifk 
inhibitory' effects on STAT1 phosphorylation. 

C.4.2.1. Dose-Dependent Inhibition of STAT1 Phosphorylation by Cell-Permeant SOCS 
Proteins. Cells (RAW) were treated with purified, cell-permeant SOCS-3 proteins at 12, 6, and 3 uM 
lh. Cells were then stimulated with IFN-y (10 U/ml) for 15 min, washed with cold PBS, and lysed. The leve 
STAT1 phosphorylation was measured by cytometric bead array (BD CBA P-STAT1 Kit, BD Science, I 
Diego, USA). Intracellular inhibition of STAT1 phosphorylation was concentration dependent within 3ulV 
12uM range of cell-permeant recombinant SOC 3 proteins HS3M and HMS3 (results not shown). These res 
jnderscore the capacity of engineered SOC 3 proteins to cross the plasma membrane via a membr; 
Translocating motif (MTM) and interfere with STAT1 signaling. 
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D.4. Specific Aim 4; To Design and Test Cell-permeable Inhibitors of SEB-induced Signaling- to the 
Nucleus 

Rationale and Anticipated Results: Emboldened by our recent in vivo results with cell-permeable peptide 
antagonist of nuclear import of NF-kjB and other SRTFs (see Section C. 1 .3. Prehminary Studies and [83]), we plan 
to design new cell-permeable inhibitors that will target (i) TCR signaling, (ii) LFN y-induced signaling to the 
nucleus, and (iii) transcription factor C1ITA activation of MHC class II gene. Each of these intracellular targets 
offers the opportunity to regulate "overcharged" signaling induced by SAgs or proinflammatory cytokines~(eg 
IFNy). Thus, in ibis, airn.we wi ll tes t the hy^thesisjSat^^ and proteins transduced into NKT 

cells and T cells will disrupt intracellular signaling lRducedby SAgs. Moreover; we will test theiiypothesis that 
IFN y-induced signaling can be counteracted by cell-permeable SOCS-3 inhibitor and that expression of MHC 
Class II molecules can be similarly suppressed by a cell-permeable inhibitor IK. While we plan lo study NF-kB 
nuclear import antagonist in toxic shock induced by a second SAg, SPE-A,.we propose to develop and test cell- 
permeable inhibitors that will block TCR receptor complex-mediated intracellular signaling as described in Specific 
Aim 1 (Section D. 1.2.2). The cell-permeable peptide containing the zeta chain IT AM sequence 
LYQGLSTATKDTYDALHM will be rendered cell permeable by addition of the membrane translocating sequence 
[85]. The experiments in Aim 1 (Section D 1 .2.2) should provide information on the inhibitory potency of this cell- 
permeable peptide. Should the peptide exhibit solubility problems, we plan to produce ana test a fusion protein 
containing the relevant functional cargo (see Aim 1). 

The suppressor of cytokine signaling (SOCS) proteins constitute a growing family of cytokine-inducible 
negative regulators of cytokine signaling [151]. We plan to focus our efforts on the inhibitors of EFNy signaling 
since this cytokine plays a key role in development or SEB-induced loxic shock [25] and in surface expression of 
the MHC class II molecules [291. SOCS 1 and S0CS3 but not S0CS2 inhibited the tyrosine phosphorylation and 
nuclear translocation of ST ATI in response to EFNy stimulation [1521. The maximum inhibitory activities of 
ST ATI were observed at very low levels of SOCS protein expression. This bodes well for our planned experiment 
with a cell-permeable form of SOCSl which exhibited a much stronger inhibitory activity than did SOCS3 [152], 

The inhibitor IK acts as a negative regulator of transcription factor CIITA that controls both constitutive and 
inducible expression of MHC class II molecules [31]. We hypothesize that a cell-permeable form of IK will . 
prevent inducible MHC class II expression thereby reducing the number of potential binding sites for SAgs. 

The fusion protein will encompass polyhistidine tag, green fluorescent protein (GFP), functional "cargo" and 
the membrane translocating sequence (MTS) derived from the Kaposi FGF signal sequence. Murine NKT cell 
hybridoma and isolated murine fiver NKT cells (see Section D.2.1.2) will be used to establish intracellular location 
affusion protein and its potential inhibitory effect on cytokine production (TNFcc, IFNy, and IL-2) and NF-kB 
activation as described in Section D.2. 1 .3. The eel I -permeable zeta chain IT AM peptide or fusion protein will be 
tested in vivo in murine model of toxic shock induced by SEB in conjunction with D-Gal as a sensitizing agent 
(see Section C.1.3. Preliminary Studies and Section D.2.2 Research Design and Methods). The cell -permeable 
peptide or fusion protein will be injected intraperitoneally at concentrations of 700 u.g per 20 g mouse. These 
injections will be given 30 rain before and 30, 90, 150, and 360 min after SEB. We anticipate a positive outcome 
of these experiments in terms of achieving cytokine suppression and reduced lethality. In such a case, SPE-A will 
be similarly tested. Inhibition of its lethal effect by cell-permeable peptide or fusion, protein will extend the 
suppressive effect of the zeta chain IT AM motif-based cell penneable peptide to two distinct SAgs. However, if 
neither cell-permeable inhibitor exerts a suppressive effect on cytokine production and mouse lethality, we will 
analyze the effect of cell permeable antagonists of NF-kB nuclear import. 

As depicted in Fig. 2 the nuclear import of transcription factors constitutes a common step for distinct pathways 
signaling the nucleus. These pathways originate at the cell^surface of the TRC/CD3 complex ana diverge 
downstream of the stress-responsive IKK signaling complex (NF^kB), cJuh kinase (AP-I). and calcineurin (NFAT) 
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checkpoints. The nuclear import complex comprised of importin^opheria g| ^«g™J ^^^1^43] . 
and c-iunl and NFAT thereby serving as a common earner for transcription factor delivery to trie !™cieus 
^ JurkS inhibition of imporlfn o-Rch 1 by intracellular delivery of cell-permeable SN50 peptide prevents 

^^^^B^^trBx^c^oa factors lojhe nucleus induced ^^^^TO^St and 
^nfl^cWp thai SPE A-induced nuclear import of transcnpUon factors N1--kB, AP- 1 ana NFA 1_ ra NS. 1 ecus ana 
fi*E P ceUs can be blocked bT&e ^U-p^eable SN50peptide. Our approach should be P^nicutoly effec we 
WuSmany VenefenTodmg cytokines (e.g., TL-2. IFN?, TNFa) ce^adh^on ^^^JS^f. 
fy^Z tissue factor* are regulated by two or more transactivators [36, 43, 44]- . We anticipate mat a»rJi a 
y^^^^J^SS^J^'S^A by the SN50 peptide unless SPE-A-induced meohanisms differs 
from that mduced by SEB (see Section C.1.2. Preliminary Studies). 

Thecell-oermeable peptides and fusion proteins are designed to inhibit SAg r induced signaling in T cells and NKT 
Sis at rSSS^cSps. First, at the P TCR level by inhibiting ZAP 70 |nase known to be activated I by SAgs 
' H531 The ?use of cell-permeable peptides and fusion proteins to inhibit ZAP 70 kinase i offers an approach to JCR- 
■ nroxLJSSSgbe^its amplication by downstream transducers. Fortuitously,, even after SAg-induced 
SK£ SStinSioHon and amplified, the inhibitors of NF-kB nuclear import can stop it. Moreover the nuclear 
■SrtSep SXwU-permeable peptide SN50 and cSN50 is involve* in signaling mediated by four families 
S?S2SdS&S«S NF?xB API, NFAT, and ST ATI [43]. Thus, this TCR-distaT signaling step is common 
fi^^ia^iStaS^pSS fetor thereby offering a nroad spectrum inhibition by cell-permeable peptides 
designed to block nuclear import in T cells, NKT cells, endothelial and monocyte/macrophage cells. 

Another strategy proposed by us to inhibit SAg-inducad toxic shock is focused op signaling bylhs 
proinflarnmatory cytoldne IFNy. This cytokine mediates SEB-induced toxic shock, because mice deficit m WKy 
receptS^iSartory to SAg [251. EFNy induces expression of MHC class n molecules that bind SAgs [271. 
T^forf^re^otSesize that inhibition of IFNy signaling and/or suppression of inducible expression of MHC 
claS n SoSes may prevent or attenuate SAg-indtTced toxic shock. Both signaling processes can be targeted 
S^^-o^^te inhibitors we propose to develop and test in cultured cells and m vivo in murine model of 
induced toxic shock. IFN v-mduced MHC class fi molecules expression is preceded by a positive regulation 
ofriSA^eneSDreSS^ fel The expression of MHC class fi molecules and CITTA is negatively, regulated by 
S^efiXISSffi^ K <5&biior K562) [154]- The DC protein localized exclusively, in cytoplasm 
suppresses the expression of CHTA thereby inhibiting expression of MHC Class H molecules. , 

We postulate that cell-permeable DC fusion protein will be capable of blocking MHC Class D .induction by IFN 
v. Moreover we propose to use the IK fusion protein as cell-permeable inhibitor of class H MHC expression and 
ultimately as inhibitor of toxic shock induced by SAgs. The IK fusion protein will be expressed in E. colu The 
construct will contain polyrnstidine tag for affinity purification and a second sequence raotifrepresentmg membrane 
SSZ S^cSfiw transduction to cells in vivo and in vitro (see abovcthewta chain UAM motif fusion 
protein). The purified cell-permeable fusion KI protein will be first tested m IFN y-mducible MHC Class II 
expressing cells (e.g. murine bone marrow-dcrivcd dendntic cells) and/or microvascular endothelial cells. 

Inhibition of MHC Class n expression determined by FACS analysis will prompt us to test the DC fusion protein 
in vivo in murine model of SAgs-induced toxic shock- The DC fusion protein wilj I be admmistered ip into mice 24 
h and 30 min before SEB. The expression of MHC class II molecules will be verified by FACS analysis ol spleen 
B lymphocytes. The cell-permeable KI protein will be also administered after SAg injection (30, 90, 150, and 360 
min) to establish whether suppressed expression of MHC class II molecules attenuates cytokine expression and 
lethal shock. , 

D^^? d %ynthesis and Purification of Cell-permeable Peptide Inhibitors: The peptides are routinely 
synthesized in the Pi's laboratory using BOC chemistry as described [431. The amino acid composition i and mass 
of the synthesized peptides are routinely determined by an amino acid analyzer and matrix-assisted laser desorption 
ionization mass spectrometry (MALDI-MS). The mutant peptides carrying the mutated funcfaona domain will be 
synthesized and purified for control experiments. The SM peptide is cell-permeable but functionally inactive [43J. 

D.4,2. Expression and Purification of Cell Permeable Recombinant Fusion Protein; To assure rapid in viva 
delivery of mhibitory peptides or proteins to cells stimulated by SAgs and/or proinflammatory cytokines we will 
design recombinant fusion protein containing membrane translocation sequence (MTS), sequence encoaing a 
functional cargoo and a green fluorescent protein transduced to cells in vilro and in vivo. The construct will contain 
an ainmc-tcimiaa] affinity tag (polyHis) to facilitate purification of the recombinant protem and the MTb domain 
positioned at the carboxy terminus to allow easy and rapid transduction across plasma membrane [85 J Douole- 
stranded oligonucleotides coding for a Kaposi FGF h region and for functional ' 'cargo' wjll be cloned mio pHAT- 
GFPuv vector from Clontech. Sequence and orientation will be confirmed by sequencing with reverse prt A i 
primer Plasmids containing the construct will be transformed into the E. Coll expression host BL2l(Dfc3)pL,ysb 
(Navagen) and grown to O.D. -0.6 in LB broth containing 50 u.g/ml ampicillin at 37°. Cultures will oe induced 
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withlmM fPTjG arid incubated as before to O.B. 1.5.-2.0 1 (^h)v,BacteH&' wUr . be harvested and resuspended tfi 
Bactenal-Prbtein Extraction Reagent' (Pierce). .-Affersolub^ the^^pem^^t-wifltbe- 
• collected and mixed with ah Bppropriate yolume of 5.0% Ni-NTA\.agaros6 (Qiageri); Agarose 0^ will.be gashed, 
with 50mM NaP04 300 nuVTNaCl, 1 mM iimdazole r _pH :8.0. Proteins: will be elutcd- usmg the same buffer 
containirift 250 mM imidazole and fluorescence of GFP fusion will bp examined. On i a 12% ■ non r denatiaing 
acrviamidl gel Peak protein fractions will be pooled and concentrated using a.Gentncon-10 filter (Ami con). After 
SXan! dkermmWproteW P^tem is examined. for csU-. 

trarisducine capacity ^direct fluorescence meonfdeal laser fc^mngmic|oscopy or indirect fluorescence with 
aM-GFPal^^ constructs Will be prepared for SOCS1 protein fusion and for. IK 

protein fusion. . • ■"■ /.,. 

n 4 - Measurement of Nuclear Import o/NK^kB. Trattscri^n Factors: The NKT cell hybridoina-and the 
Turk* t&ffitSSSS f7G120 responsive to the supcrantige^SEB w^b^used asd e $crfted above. The SN50 
andSM ^^cptidS(10C l^f) willbe ad&d 30 mih befofetKe addition of SAg (SEB.orSPEA 1-10 ug see above). 
Thecelllwmbeuicub^ 

Compared to cei^ 



Throughout this application, various publications are referenced. The disclosures 
of these publications in their entireties are hereby incorporated by reference into this 
application in order to more , fully describe the state of the art to which this invention 
pertains. 
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What is claimed is: 

1 . A method for inhibiting a cytokine-induced response in a cell, 
comprising administering to the cell a complex comprising a cell 
membrane permeable hydrophobic region of a signal peptide linked to a 
polypeptide comprising an amino acid sequence encoding a SOCS 
protein or a fragment thereof. 

2. The method of claim 1, wherein the cell membrane permeable 
hydrophobic region of a signal peptide is a membrane translocating 
motif from FGF-4 

3. The method of claim 1, wherein the SOCS protein is a SOCS 1 protein. 

4. The method of claim 1, wherein the SOCS protein is a SOC 3 protein. 

5. A method of inhibiting a cytokine-induced response in a cell in a 
subject, comprising administering to the cell in a subject a complex 
comprising a cell membrane permeable hydrophobic region of a signal 
peptide linked to a polypeptide comprising an amino acid sequence 
encoding a SOCS protein or a fragment thereof. 

6. The method of claim 1, wherein the cell membrane permeable 
hydrophobic region of a signal peptide is a membrane translocating 
motif from FGF-4 

7. The method of claim 1, wherein the SOCS protein is a SOCS 1 protein. 

8. The method of claim 1, wherein the SOCS protein is a SOC 3 protein. 
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SEQUENCE LISTING 

SEQ ID NO: 1 (His tag) 

MetGlySerSerHisHisHisHisHisHisSerSerGlyLeuValProArgGlySer 



SEQ ID NO: 2 (MTM) 
AlaAlaValLeuLeuProValLeuLeuAlaAlaPro 
SEQ ID NO: 3 (full-length SOCS 1) 

MetValAlaArgAsnGlnValAlaAlaAspAsnAlalleSerProAlaAlaGluProArgArgArgSerGlu 

ProSerSerSerSerSerSerSerSerProAlaAlaProValArgProArgProCysProAlaValProAlaPro 

AlaProGlyAspThrHisPheArgThrPheArgSerHisSerAspTyrArgArglleThrArgThrSerAla 

LeuLeuAspAlaCysGlyPheTyrTrpGlyProLeuSerValHisGlyAlaHisGluArgLeuArgAlaGlu 

ProValGlyThrPheLeuValArgAspSerArgGlnArgAsnCysPhePheAlaLeuSerValLysMET 

AlaSerGlyProThrSerlleArgValHisPheGlnAlaGlyArgPheHisLeuAspGlySerArgGluThr 

PheAspCysLeuPheGluLeuLeuGluHisTyrValAlaAlaProArgArgMETLeuGlyAlaProLeu 

ArgGlnArgArgValArgProLeuGbiGluLeuCysArgGlnArglleValAlaAlaValGlyArgGluAsn 

LeuAlaArglleProLeuAsnProValLeuArgAspTyrLeuSerSerPheProPheGlnlle 

SEQ ID NO: 4 (full-length SOCS 3) 

MetValThrHisSerLysPheProAlaAlaGlyMETSerArgProLeuAspThrSerLeuArgLeuLysThr 

PheSerSerLysSerGluTyrGlnLeuValValAsnAlaValArgLysLeuGlnGluSerGlyPheTyrTrp 

SerAlaValThrGlyGlyGluAlaAsnLeuLeuLeuSerAlaGluProAlaGlyThrPheLeuIleArgAsp 

SerSerAspGlnArgHisPhePheThrLeuSerValLysThrGlnSerGlyThrLysAsnLeuArglleGIn 

CysGluGlyGlySerPheSerLeuGlnSerAspProArgSerThrGlnProValProArgPheAspCysVal 

LeuLysLeuValHisHisTyrMETProProProGlyThrProSerPheSerLeuProProThrGluProSer 

SerGluValProGluGlnProProAlaGlnAlaLeuProGlySerThrProLysArgAlaTyrTyrlleTyrSer 

GlyGlyGluLysIleProLeuValLeuSerArgProLeuSerSerAsnValAlaThrLeuGlnHisLeuCys 

ArgLysThrValAsnGlyHisLeuAspSerTyrGluLysValThrGlnLeuProGlyProIleArgGluPhe 

LeuAspGlnTyrAspAlaProLeu 
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SEQ ID NO: 5 (His-SOCSl-MTM) 

MetGlySerSerHisHisHisHisHisHisSerSerGlyLeuValProArgGlySerMetValAlaArgAsn 

GlnValAlaAlaAspAsnAlalleSerProAlaAlaGluProArgArgArgSerGluProSerSerSerSerSer 

SerSerSerProAlaAlaProValArgProArgProCysProAlaValProAlaProAlaProGlyAspThrHis 

PheArgThrPheArgSerHisSerAspTyrArgArglleThrArgThrSerAlaLeuLeiiAspAlaCysGly 

PheTyrTrpGlyProLeuSerValHisGlyAlaHisGluArgLeuArgAlaGluProValGlyThrPheLeu 

ValArgAspSerArgGlnArgAsnCysPhePheAlaLeuSerValLysMETAlaSerGlyProThrSerlle 

ArgValHisPheGlnAlaGlyArgPheHisLeuAspGlySerArgGluThrPheAspCysLeuPheGlu 

LeuLeuGlixHisTyrValAlaAlaProArgArgMETLeuGlyAlaProLeuArgGlnArgArgValArg 

ProLeuGlnGluLeuCysArgGlaArglleValAlaAlaValGlyArgGluAsnLeuAlaArglleProLeu 

AsnProValLeuArgAspTyrLeuSerSerPheProPheGlnlle AlaAlaValLeuLeuProValLeuLeu 

AlaAlaPro 



SEQ ID NO: 6 (His-MTM-SOCSl) 

MetGlySerSerHisHisHisHisHisHisSerSerGlyLeuValProArgGlySerAlaAlaValLeuLeuPro 

ValLeuLeuAlaAlaProMetValAlaArgAsnGlnValAlaAlaAspAsnAlalleSerProAlaAlaGlu 

ProArgArgArgSerGluProSerSerSerSerSerSerSerSerProAlaAlaProValArgProArgProCys 

ProAlaValProAlaProAlaProGlyAspThrHisPheArgThrPheArgSerHisSerAspTyrArgArg 

IleThrArgThrSerAlaLeuLeuAspAlaCysGlyPheTyrTrpGlyProLeuSerValHisGlyAlaHis 

GluArgLeuArgAlaGluPro ValGlyThrPheLeu ValArg Asp S er ArgGlnArgAsnCysPhePhe 

AlaLeuSerValLysMETAlaSerGlyProThrSerlleArgValHisPheGlnAlaGlyArgPheHisLeu 

AspGlySerArgGluThrPheAspCysLeuPheGluLeuLeuGluHisTyrValAlaAlaProArgArg 

METLeuGlyAlaProLeuArgGlnArgArgValArgProLeuGlnGluLeuCysArgGlnArglleVal 

AlaAlaValGlyArgGluAsnLeuAlaArglleProLeuAsnProValLeuArgAspTyrLeuSerSerPhe 

ProPheGlnlle 



SEQ ID NO: 7 (His-SOCS3) 

MetGlySerSerHisHisHisHisHisHisSerSerGlyLeuValProArgGlySerMetValThrHisSerLys 

PheProAlaAlaGlyMETSerArgProLeuAspThrSerLeuArgLeuLysThrPheSerSerLysSerGlu 

TyrGlnLeuValValAsnAlaValArgLysLeuGlnGluSerGlyPheTyrTrpSerAlaValThrGlyGly 

GluAlaAsnLeuLeuLeuSerAlaGluProAlaGlyThrPheLeuIleArgAspSerSerAspGlnArgHis 

PhePheThrLeuSerValLysThrGlnSerGlyThrLysAsnLeuArglleGlnCysGluGlyGlySerPhe 

SerLeuGlnSerAspProArgSerThrGlnProValProArgPheAspCysValLeuLysLeuValHisHis 

TyrMETProProProGlyThrProSerPheSerLeuProProThrGluProSerSerGluValProGluGln 

ProProAlaGlnAlaLeuProGlySerThrProLysArgAlaTyrTyrlleTyrSerGlyGlyGluLysIlePro 

LeuValLeuSerArgProLeuSerSerAsnVaLA.laThrLeuGlnHisLeuCysArgLysThrVaLAsnGly 

HisLeuAspSerTyrGluLysValThrGlnLeuProGlyProIleArgGluPheLeuAspGlnTyrAspAla 

ProLeu 
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SEQ ID NO: 8 (His-SOCS3-MTM) 

MetGlySerSerHisHisHisHisHisHisSerSerGlyLeuValProArgGlySerMetValThrHisSerLys 

PheProAlaAlaGlyMETSerArgProLeuAspThrSerLeuArgLeuLysThrPheSerSerLysSerGlu 

TyrGlnLeuValValAsnAlaValArgLysLeuGlnGluSei<jlyPheTyrTipSerAlaValThrGlyGly 

GluAlaAsnLeuLeuLeuSerAlaGluProAlaGlyThrPheLeuIleArgAspSerSerAspGlnArgHis 

PhePheThrLeuSerValLysThrGlnSerGlyThrLysAsnLeuArglleGlnCysGluGlyGlySerPhe 

SerLeuGlnSerAspProArgSerThrGlnProValProArgPheAspCysValLeuLysLeuValHisHis 

Tyr]VffiTProProProGlyThrProSerPheSerLeuProProThrGluProSerSerGluValProGluGln 

ProProAlaGlnAlaLeuProGlySerThrProLysArgAlaTyrTyrlleTyrSerGlyGlyGluLysIlePro 

LeuValLeuSerArgProLeuSerSerAsnValAlaThrLeuGInHisLeuCysArgLysThrValAsnGly 

HisLeuAspSerTyrGluLysValThrGlnLeuProGlyProIleArgGluPheLeuAspGlnTyrAspAla 

ProLeuAlaAlaValLeuLeuProValLeuLeuAlaAlaPro 

SEQ ID NO: 9 (His-MTM-SOC3) 

MetGlySerSerHisHisHisHisHisHisSerSerGlyLeuValProArgGlySerAlaAlaValLeuLeuPro 

ValLeuLeuAlaAlaProMetValThrHisSerLysPheProAlaAlaGlyMETSerArgProLeuAspThr 

SerLeuArgLeuLysThrPheSerSerLysSerGluTyrGlnLeuValValAsnAlaValArgLysLeuGln 

GluSerGlyPheTyrTrpSerAlaValThrGlyGlyGluAlaAsnLeuLeuLeuSerAlaGluProAlaGly 

ThrPheLeuIleArgAspSerSerAspGlnArgHisPhePheThrLeuSerValLysThrGlnSerGlyThr 

LysAsnLeuArglleGlnCysGluGlyGlySerPheSerLeuGlnSerAspProArgSerThrGlnProVal 

ProArgPheAspCysValLeuLysLeuValHisHisTyrMETProProProGlyThrProSerPheSerLeu 

ProProThrGluProSerSerGluValProGIuGlnProProAlaGlnAlaLeuProGlySerThrProLysArg 

AlaTyrTyrlleTyrSerGlyGlyGluLysIleProLeuValLeuSerArgProLeuSerSerAsnValAlaThr 

LeuGlnHisLeuCysArgLysThrValAsnGlyHisLeuAspSerTyrGluLysValThrGlnLeuProGly 

ProIleArgGluPheLeuAspGlnTyrAspAlaProLeu 
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